Background: Little is known about the association between blood pressure and urinary electrolytes in young adult, nonurban-dwelling, sub-Saharan Africans. This study attempts to provide such data in a Nigerian population. Patients and Methods: Four hundred Nigerians (50% female) aged 19-40 years were studied. Their blood pressures (BPs), anthropometric variables, and overnight urinary sodium, and potassium concentrations (UNaC and UKC respectively) were measured using standard procedures. Associations between measures of BP and the other parameters were examined using appropriate statistical tools. Results: UNaC was correlated significantly with only diastolic BP (DBP) (r = +0.105, P = 0.037). Similarly, UNaC was significantly associated with DBP and mean BP (MBP) (β = +0.158, P = 0.018 and β = +0.155, P = 0.020, respectively). UKC was not associated with, nor correlated with, any measure of BP. There was no significant mean difference (P > 0.05) between the sexes for measures of BP and urinary electrolytes. Conclusion: Urinary sodium (but not potassium) concentration was weakly correlated with only DBP, and weakly associated with only DBP and MBP in the studied population. The results support (modestly) the hypothesis that dietary sodium intake may be related to elevated blood pressure.
Introduction
Cardiovascular diseases (CVDs) (especially hypertension) are multifactorial diseases that cannot be ascribed to a single gene or environmental factor. This makes understanding the patho-etiologic mechanisms underlying hypertension difficult [1] and identifying a nutrient that could be manipulated to reverse CVD morbidity and mortality akin to finding the Holy Grail of nutrition and cardiovascular science. [2] Sodium intake has often been associated with elevations in blood pressure. But the evidence is still controversial. Some observational and experimental studies support an independent, positive relationship between sodium intake and high blood pressure, [3] [4] [5] [6] while some others support an inverse (or lack of) association between sodium intake and high blood pressure. [7] [8] [9] [10] As a result of these differences, there is still no consensus on the role of dietary sodium in hypertension. The effect of potassium intake on blood pressure, like sodium intake, is controversial. It has also been reported variously to be inversely related, or not related at all, to increases in blood pressure and cardiovascular events. [11] [12] [13] [14] [15] Morbidity and mortality from CVD are lower in women than in men throughout middle age. [16, 17] Estrogens, acting
Association between blood pressure and urinary electrolytes in a population of nonurban-dwelling Nigerians through the regulation of sodium and water, are thought to be responsible for this sex difference in CVD morbidity and mortality, [18, 19] and exogenous estrogen administration during and after menopause is known to maintain the female CVD risk advantage. [17] Since hypertension, a strong predictor of CVD, is creeping in steadily on developing countries, and may arise from disturbances in sodium and potassium metabolism, this study investigated the relationship between urinary sodium and potassium excretion and blood pressure in a population of nonurban Nigerian adults, who have not reached the age limits stipulated as risks for coronary artery disease (CAD) by the US National Cholesterol Education Program (NCEP) (≥45 years for men, and ≥55 years for women), [20] and whose diets are still largely traditional and definitely far off the salted high-fat and low-fiber diets of the industrialized countries, or the city/urban centers in developing countries.
Patients and Methods
Male and female adults resident in Anyigba, Kogi State, Nigeria (age range: 19-40 years) were recruited for this population-based study. Participants were randomly recruited over a 4-month period. The individuals were properly informed about the aims and objectives of the study and those who gave an informed consent were allowed to participate in the study. Exclusion criteria included being a current smoker or having a history of smoking, current use of alcohol, pregnancy, morbid obesity (BMI >35), a known case of hypertension/current use of antihypertensive medication, and any other overt or suspected infirmity. The study protocol was prepared in accordance with the Helsinki Declaration and was approved by the Board of the Department of Biochemistry, Kogi State University, Anyigba.
Participants had their blood pressure measured on a single visit, between 8 am and 10 am daily, using sphygmomanometry and appropriate cuff sizes. Each subject rested for an initial 10 minutes before three separate readings were taken (after a 2 minutes interval each) in a serene environment. The average of the second and third readings per subject was recorded. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were taken at the first and fifth Korotkoff sounds respectively. Pulse pressure (PP) was calculated as the difference between SBP and DBP. Mean blood pressure (MBP) was calculated as [SBP + (DBP × 2)]/3. The same trained personnel took all blood pressure measurements.
Measurement of weight (to the nearest 1 kg) and height (to the nearest 1 cm) were taken, with subjects dressed in light clothing, and the BMI calculated as weight (kg)/ height (m) 2 . Self-reported age (at last birthday) for each participant was recorded.
Overnight urine was collected during the first urination after awakening in the morning and during awakenings at night (where applicable), from each subject, who had been properly educated on how to collect the samples, prior to sample collection. The samples were taken immediately to our laboratory and frozen, until analyzed. Urinary sodium and potassium ions' concentrations were determined by potentiometry -the ion-selective electrodes method. [21] Descriptive statistics was done to get the characteristics of the subjects (stratified by urinary sodium and potassium tertiles), represented as means ± standard deviations. Differences between means for the sexes and tertiles were checked for significance using the one-way ANOVA test. The Pearson's product moment correlation was used to assess correlations between variables. Multivariate linear regression models were used to examine the association between the variables and measures of blood pressure (SBP, DBP, PP, and MBP). A significant threshold of P < 0.05 was employed for the ANOVA, correlation, and regression analyses. Analyses were performed using SPSS for windows version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Four hundred subjects (50% females) participated in the study. The mean age of the participants was 25.2 ± 5.2 years (26.5 ± 5.8 for females and 23.7 ± 3.6 years for males). Males were significantly (P = 0.024) younger than the females. Females weighed significantly (P = 0.021) less than the males (63.3 ± 14.9 kg vs. 66.6 ± 9.7 kg) and were significantly (P = 0.017) shorter than the males (1.6 ± 0.07 m vs. 1.7 ± 0.07 m). Conversely, the females had significantly (P = 0.012) higher BMI compared to the males (24.8 ± 8.3 kg/m 2 vs. 22.2 ± 3.1 kg/m 2 ). Urinary sodium excretion was statistically similar (P = 0.251) between the sexes (190.1 ± 85.3 mEq/l in females and 198.5 ± 96.5 mEq/l in males), and urinary potassium excretion was also statistically similar (P = 0.095) between the sexes (74.2 ± 31.8 mEq/L in females and 71.8 ± 29.1 mEq/L in males). In a similar fashion, the urinary sodium/potassium ratio was statistically similar (P = 0.113) between the sexes (3.4 ± 1.7 for females and 3.1 ± 1.3 for males).
Mean SBP was not significantly different (P = 0.375) between the sexes (125.9 ± 17.3 mmHg for males and 121.8 ± 12.1 mmHg for females). Similarly, mean DBP was 78.8 ± 12.2 mmHg for females and 79.0 ± 12.7 for males, and the difference was not statistically significant (P = 0.423). Following the same pattern, mean PP values were 45.1 ± 11.1 mmHg for females and 46.9 ± 15.3 mmHg for males, while mean MBP values were 91.8 ± 12.9 mmHg for females and 94.6 ±° 12.3 mmHg for males. In both , and 3 rd represent first, second and third tertiles, respectively. F, M, P, and T represent females, males, probability value, and total respectively. SBP, DBP, PP, and MBP represent systolic blood pressure, diastolic blood pressure, pulse pressure, and mean blood pressure, respectively. P values in brackets represent values for comparisons with the corresponding value (sex-wise) in the first tertile.
cases, the difference between the sexes was not significant (P >0.05). Table 1 shows the distribution of the data in tertiles of urinary sodium concentration, while Table 2 shows the distribution of the same data in tertiles of urinary potassium concentration. Table 3 shows data from the correlation analysis while Table 4 shows data from the regression analysis. Aside anthropometric variables, only urinary sodium was associated with any measure of BP.
Discussion
This was a cross-sectional study of adults who (from the point of age) are at low risk for CAD. This study sought to investigate the relationship(s) between urinary electrolytes (sodium and potassium) and measures of BP. We are not aware of any precedent study of this nature, in a nonurban sub-Saharan African community. The studied community is gradually undergoing transition (nutritionally and epidemiologically) but is still far-off the habits of urban/ city centers (especially in terms of the consumption of processed salty foods, and decreased physical exertion).
The results of the present study confirm the positive relationship between age, anthropometric variables and BP, and show that only DBP and MBP were associated, albeit weakly, with urinary sodium concentration, while neither urinary potassium concentration nor the sodium/potassium ratio was significantly associated with any measure of BP.
Furthermore, the results show that the (premenopausal) females studied had comparable BP values to those of their significantly younger male counterparts.
The relationship between BP and salt is still controversial, and there is evidence that even within the same community, different conclusions can be drawn from studies of the association between salt intake and BP. [22, 23] Our results are however consistent with the relationship between DBP and sodium excretion in some earlier studies, [24, 25] and between mean BP and sodium excretion also reported earlier. [26] SBP was however not associated with urinary sodium in this study, a phenomenon earlier reported by Cheung et al. [25] The absence of association or correlation between urinary sodium and both SBP and PP, contrasts with the presence of significant but weak association between urinary sodium and both DBP and MBP. Contrary to these findings, the WHO Cardiovascular Diseases and Alimentary Comparison (WHO-CARDIAC) study showed a significant association between both SBP and DBP and urinary sodium (though only in men and postmenopausal women). [27] This difference may be explained by the fact that we studied only premenopausal women and young men, as against the wider age spectrum in the WHO-CARDIAC study.
Appreciating the relationship between sodium and BP is difficult. Guyton had postulated that the maintenance of renal sodium excretion and sodium balance requires increased BP, [28] such that the relationship between the two is thought to be an important factor in the long-term control of BP. Human studies have however shown that the relationship between BP and urinary sodium excretion varies with age, gender, and BP state. [26, 29, 30] It is possible that increases in salt intake increase DBP and MBP which in turn increase urinary sodium excretion in a Guytonian fashion.
The inverse relationship between urinary potassium and BP reported by other workers [11] [12] [13] [14] could not be confirmed by our study. Our findings are also at variance with the positive association reported between Na + /K + ratio and BP, [11] but is however consistent with the reports of a lack of association between potassium intake and coronary events [15] and lack of association between urinary potassium and DBP. [25] Gender-related differences in the process of hypertension are yet to be completely resolved. Though some reports have found urinary sodium excretion to be significantly higher [29] or significantly lower [31] in females than in males, our study found no significant difference in the urinary sodium or potassium concentration between the sexes. This could be because the females we studied were premenopausal and the males were even younger. Meneton et al. had noted that a reduced ability of the kidneys to excrete salt (either due to aging, disease or as a result of hormones) was intrinsic in the relationship between salt and BP. [1] Interestingly, our regression analysis shows that (even after correcting for age and anthropometric variables) sex was significantly associated with all the measures of BP, but not PP. Despite this, there was no significant difference between the mean values for the measures of BP between the sexes. This observation could be explained by the fact that while the females were significantly older than the males, the males were significantly heavier than the females. The distribution of these two factors that were associated with SBP, DBP, and MBP between the sexes, coupled with the "risk-advantage" that premenopausal women have over age-matched men, [17] may have brought the BP values of the different sexes to a point where they were statistically similar.
This study may be limited by a number of factors. First, salt intake was assessed from one overnight urine collection. This provides only a crude estimate of short-term salt intake. [32] However, there is evidence that both 24-hour and overnight sodium excretion estimate the daily intake reasonably well. [15, 33] Second, we did not determine the phases of the menstrual cycle of the females that took part in the study. It is known that estrogen and progesterone levels vary between the phases of the menstrual cycle, and can influence sodium handling in the body, and thus affect BP. [18, 19] However, due to cultural practices that regard menstruating women as "unclean," women in the locality we studied are often timid to talk about such matters. The females therefore could not volunteer the information we needed. The effect this would have had on our data is minimized, however, by the fact that in young normotensive females, the BP response to sodium is not affected by hormonal status. [28] The strengths of this study include the description of data from an under-(or maybe un-) studied racial subgroup. Our sample population was also young, thereby allowing us rule out agerelated confounding factors which may affect the relationship between BP and urinary electrolytes. This, however, may be responsible for the weak associations and correlation recorded in this study. Our sample size is also large, especially when viewed from the prism of cultural practices and belief systems in many African communities that make people hesitant to take part in this type of study, especially when no honoraria is given to participants. The weak correlations and associations however warrant a careful interpretation of the data presented in this report. It is however interesting that salt intake (as is inducible from urinary sodium concentration) is associated modestly with increased BP even in a population where salt consumption comes almost entirely from salt added to food while cooking or at the table. An earlier study in hypertensive Nigerians had shown that the higher the salt intake, the higher the BP in men. [34] These clearly imply that a well-planned campaign aimed at reducing the quantity of salt intake in this (and similar) population(s) may help in reducing morbidity and mortality from CVDs.
Conclusion
We studied the relationship between BP and urinary electrolytes in a young nonurban sub-Saharan African population, and found that urinary sodium (but not potassium) concentration was associated significantly and positively (albeit weakly) with DBP and MBP. Though a cautious interpretation of the data is warranted, they appear to support the hypothesis that dietary sodium intake is related to blood pressure elevations. Public health campaigns aimed at encouraging a reduction in the quantity of salt consumed in food is advocated.
